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EMERSENCX iH-FLlCStn? EdRESa OfENXNC FOR GENERAL AVXA7I0N AIRCRAFT* 

LRUcende J. Bement 
NASA-Langley Rese^rah Gqn^ae 


aUMMARS^ 

xn su^tt o£ a stall/dpin eeseaeoh at the Natienal Aoronautloe 

And apace Admlniatratien (NANA ) , Ldnaley Research Center (LaRC ) , an emergency 
In-fllght egress system Is toing installed in a li^ht general aviation air- 
plane. The airplane has no provision £or egress on. the le£t side. A le£t-slde 
egress, opening would greatly enhance the pilot's ability for bailout, particu- 
larly in a right spin. To avoid a major structural redesign £or a mechanical 
door, an add-on 11.2-lcg C24.d-lb) pyrotechnio-aotuated system was developed to 
create an opening in the existing structure.^ The skin o£ the airplane will be 
eyplosively severed around the side window, across a central stringer,, and down 
to the floor, creating an opening o£ a^roximately 76 by 76 cm (30 by 30 in.). 
The'sevured panel will be jettisoned at an initial velocity of approximately 
13.7 m/seo (45 £t/sec) . System development included a total of 60 explosive 
severance tests on aluminum material using small samples, small and full-scale 
flat-panel aircraft structural mock-ups, and an actual aircraft fuselage. 

These tests proved explosive sizing/severance margins, explosive initiation, 
explosive product containment, and system dynamics. This technology is 
applicable to a ny aircraft of Similar Construction. 


INTRODUCTION 

Airplanes, upon stalling, may begin a rotating, sinking motion called a 
spin. Stall/spin is a prime causal factor in fatal general aviation accidents.. . 
Several light airplanes are being spin tested at NASA-LaRC in an effort to 
improve the stall/spin characteristics of this class of airplanes. These air- 
planes are equipped with tall-mounted spin recovery parachute systems in the 
event that the spinning cannot be stopped by the normal airplane controls. If 
both the airplane controls and the recovery parachute fail to stop the spin, 
the pilot would have to abandon the airplane. One airplane currently being 
readied for spin testing has a single door on the right side with no option for 
egress on the left side. Bailout would require the pilot to move across the 
aircraft to open the existing door, possibly against centrifugal loads; this is 
a difficult task at best. A left-side egress opening would minimize the pilot's 
bailout effort and time. 

A i^roteohnie-actuated egress opening was developed because it proved to 
be more advantageous than a mechanical system on the basis of structural mod- 
ification, performance, and the potential for success. A mechanical system 
would require considerable structural modification and reanalysis to incorpo- 
rate a door and release mechanisms. A pyrotechnic approach would be an add- 
on system, based on previous experience gained in the F-111 and B-1 escape 
modules. 
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Apparatus 


describes the off-the-shelf components 
under previous aerospace programs and the teat fixtures 


that were qualified 
used in this program. 


flexible Lihear’^Shaped Charge (flsc) 

PLSC has been widely applied by the aerospace community in such AnnH-i. 


rijsc Booster TipB 

X .4 * assure reliable initiation of the PLSC and to seal the exoos^d Avein- 
sive at the ends of the six lenatha of Pr<?r h««aL^ - ® exposed explo- 

£2.ss';~'S.T^si,i's,r^;; .isjs h ik 


^Ptoduct of 3M Company. 
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Ttie datdnateoc used te inlt?latd tihe VtSQ la ahdwn in Cigoca 2. l.27~(ai 

(O.S'oin.) atcoka cjomfiKeaaQa the Unede a^^lng to ^9 tt (20 lb£) eeelatanee at 
coleaae ol! the aoac. fho fleing pin aaaembly ia deiven into the peroaaaion 
ptlinoc to initiate the lead aaido/hlAd X et^loslvo matociala in the dutput cup. 
the lead azide provides an intee£aoe to develop the initiation £lamo to a 
detonation within a 2.34-mm (0.1-in.) ooltmn to properly initiate the HNS X, 
whioh in turn initiates an PL8C booster tip. 


ttanifolde 

to properly loeate^ seoUi^e# and protect the fLSC booster tips, £our 
0001 -to alufflinuffi manifolds v;ere attached to the sHin and aircraft structures^ 
one above and below the central stringer at the forward and aft extremities of 
the egress area, the aft manifolds contained a close- toleranoe groove to 
secure the tips. However, the forward manifolds contained not only a groove 
but also a threaded port to receive the lanyard-actuated detonators at the 
correct relative position to the tips (minimum gaps of O.SO mm (d.O20 in.)) to 
assure reliable explosive initiation. 


Internal Containment Development Fixture 

Vo develqp the internal structure required to contain the explosive blast 
of the FLSC, a test fixture was developed that would demonstrate performance 
margins. The fixture was an exact mock-up of a typical aircraft structure, 
but to demonstrate a containment margini the explosive load was increased to 
1S0 percent of the required amount and the mock-up of the aircraft skin thick- 
ness was increased to prevent any severance and venting of the explosive pres- 
sure. Further, the internal free volume within the containment structure, as 
well as the clearances of the FLSC to the structure, were reduced to the mini- 
mums expected in the aircraft. 


Small-Fanel test Fixture 

Nood-framed panels, measuring 45 « 7 by 45.7 cm (18 by 18 in.) were used as 
mock-ups of aircraft-representative structures for explosive severance tests. 
Vhe mock-up skin was attached to the frame, and the representative full-scale 
structural elements, with explosive components, were mounted to the skin. 

Full-scale, flat-panel test fixtures .- Two full-scale, light-airplane 
structures were mocked-up in wood-framed, flat-panels to evaluate the egress 
system performance, all materials (Alolad 2024-T4) , material thicknesses 
(1.02 mm (0.04 in.)), and structural layouts, including a 3.175-mm (0.125-in.) 
thick plexiglass window, were mocked-up. A 3.8-cm (1.5-in.) square-mesh stain- 
less wire (0.5 mm (0.020 in.) thick) was used on the second teat to prevent the 
plexiglass from moving internally. A complete assembly, exc *t for the initia- 
tion system, was tested. 


«wUon at » wi<»l atcputie 

Mte u aiosaly » p™,iMe, m ^ Tti^c^T Mtaa- 

Melaa SOJ4-T4'olui»lnS»f'**Tto*oa«Qf«o*^ *'™ '•M-im (0.04-in,) 

oyMUHiInfl aaow ana beloJ^ta wljj^ 

stclngoiTQa Tlio dopt;h of the foEmod ahrtrtnfi above the floor at the 

3.8 m (i.s 1ft.) a $ho CfSnea aSrldS^S ia 

the oentral fuaoia^e area. The o ??7 rabuntod on the elha la 
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atjjjjy « a«.ft.r-co;SorK!;nirtS?o^^^^ _ 

ayatai 
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Mon Of tn. punt's Lsin is .S2rL,»-S* Ptoxlnlty ot ths e«4oSS iSS 

- iJ.f 

systa, opsrseun anl aynastos fra.'tS. S“siS“ Sd 


btoksn Into six phssssi syst«s sanetio^di!l'i*’'““ oyot« can be logloaliy 
selection/system qualification, InltlatiSi^v^t??'?"*^ considerations, matatiaia 
ance and containment developneit* £u11-8m 5? 4 explosive sewer- 

fuselage mock-up teat. ^ fun-scale, flat-panel tests) and aircraft 


ing. 

were 


system Selectlon/Dev«lo(ment considetstlons 


based on the foilotlnpi smerjency tn-nisht egress systS 


1. Minimising struetursl Impaot to the alcerstt 

2. Minimising pilot eMort and response time to «:tnate 

3. Minimising Syst«ii weight 

4. Maximising egress opening area 
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6 1 Pi?ovi4iag.}e(;tigonlR^ Sqsgq of ogtaBs panol 
1 * Ptovidiog pag9lvet^.low»{noinfe@aatioa 
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Hatoelalo idlootioH/systom QuQUfioatloii 

vho pycotoohrtio ma^oeialo and toohnlguoo udod in this egtodo dyatom woeo 
aolQdfead ©n feho badto ©f ^tevioua aoedopaee dodlgn jQ^rlonoo and pfeoviouoly 
guailfiod ©amponento and syotarndt 


Xnitiatldn-dystam Developnent 

the initiation subsyatem was designed and developed with safety oonslderS' 
tions paramount, the seleotion and development the initiation system were 
based on the following oharaoteristiOSt 

U Independent system, isolated from onboard^stems 

2* Manageable actuation force 

3. Fully secure in flight 

4. Additional safetying measures on the ground 

5. Positive *^stops" to assure that the actuation is complete 

6. Accessibility and reliability 

the oomplete initiation subsystem actuator (no detonators) was mounted on 
a flat-plate breadboard to evaluate the actuation forces required to overcome 
internal static and kinetic friction, the 89-N (20-lb£) maximum resistive 
force of the lanyard-actuated detonator was applied to the cable, and the pull 
forces necessary to overcome friction were measured. 


Explosive Severance and Containment Development 

the development of the explosive severance technology progressed through 
several phasest 

1 . Sire the flexible linear-shaped charge and determine severance perfor- 
mance margins under worst-case conditions (a double thickness of aliuhinum and 
increasing the thickness beyond the expected limits). Also, determine the cut* 
ting performance of the FLSC and booster-cup combination Inside the manifolds. 
Past experience indicated that any foreign material such as potting in the 


qhevc<3n acda the PMC 4esti:oya tha oufettna efCioienoyt Testa were opn4aate4 
OB doiiUJ-e-thlpItneas platea (1,016 oB 1,016 m (0,040 qb 0,040 iB,)), 

2. Develop bb oxteeBBl ooBtainraeot ayatem to ooBtaln the explosive pcoOaota 
outaiOe the (Juflolap anO provioe a ^ettlSDBln^ fOtoe to the aeveceO panel, h 
OemoBatcatlon o6 the Oeveloppdent wae maoe hy aaino otBaU'^panel teat kxfeutoo. 

3» Develop a methoO efi aovorino tho oentral attinoec Ib the ofiroBO area, 
Aoain# dniall'^panel teat flxtucoo woco used to Oemonati'ate tho looal-acea 
porSoirmanoo. 

4, Develop 0 mothoO o£ oontolnlng tho oxploalvo p^oOuota InoiOo tho £uoo" 
lOfOi aoouelng a pQe£o£manoo morglB. By using the internal oontalnmont dovQl° 
opmont fixture dooorlhoO In tho Apparatus oootlon, oontalnmont toots wore 
oonduotoO under worat^oaso eonditlono 0£i 

a. ISO poroont o£ tho required explosive load was usodi 3,19 g/m 
(15 gralns/£t) sox (oyolotrlmethylenetrlnltramlne) Instead o£ 2,13 g/m 
(10 gralns/£t) 

b. Bo ej^losive pressure venting 

o. Minimum volumes 

d. Filling the volume with Olosed-oell# flexible Coam (used to 
preclude contamination o£ the containment volume) 

e. Proximity of the F&SC to the aircraft and containment structure 


Full-Scale, Flat-Panel Tests 

To develop an understanding of system-level performance, testa were con- 
ducted on the full-scale, flat-panel test mock-ups described in the Apparatus 
section. Performance parameters to be evaluated were complete severance, 
neatness/ uniformity of severed edges, effect on aircraft structure during 
severance, capability of the containment structure (particularly at the 
stringer) to stop explosive products internally, jettison velocities and 
dynamics of the severed panel, and capability of the window mesh to prevent 
Internal entry of the plexiglass Window fragments on panel jettison. 


Aircraft Fuselage Mock-up Test 

To demonstrate the final system design, a full-scale, aircraft fuselage 
mock-up teat was conducted. This test Included actuating the mechanical Ini- 
tiation subsystem with both detonators Installed, the final design of the con- 
tainment system (particularly at the stringers) with closed-cell foam to pre- 
vent volume contamination, and the 3.8-cm (1.5-ln.) protective wire mesh on the 
Inside of the window to prevent the plexiglass from moving Internally, inter- 
nal explosive debris and pressure were monitored with a plexiglass panel across 
the entire egress area. 
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Qygtaro eonfli*56cat;lonfl 

fwo oaftdldafeQ agcasfl aysfeems ee«J.d maAt the oonel Idee afe lens oyfei,tnod In the 
i*rOQodyfQ nestilOft ™ ittodbanldal and pycofceehnle« 

vhe iBoohanleai aystem apgpeaeh weuld taqulco a lac^e stcuofeueal. ^i^lds'’ 
»> 4 nn nnd donian n££!e{!t fe© Inescpecat® a deec Ccafiw^ and dees* This would bo 
coiiowod^y a Edloaao flyofcoffli flueh aa gulling Hinge glno and aetuaHlng the 

wurtoiSlEO «9«oU ptlet oCCoDt ana U«a. Tto polMOoa 
dad*' mau than coouiro (aeeecdtng te Cllghfe eendlfeleno) manual and aOEodynofflle 

?UaS, « SaopabJ .0 oetBPt «I 0 » bo po«ulpoa to vouaato tho 

oleuetutal aooljnV tbo itsaiSloa aieotai;t unaoe tho htdh-ottooo, ojln-pullsot 
odnditlano* 

•PhQ BVEOteehnlc systara aggseauh would use a flexible llneaE-aha^d ehaega 
(HSC?^”e«rtho oxutlna Sin and sttuotuto. toU^lnJ proton ptlnolploo, 
ieolleations, and mateElala. A minimal alBOEaft modlfleatlon eould to 
axoaoted that la# afetaehlnf the exgleatvo and oenfcalnment to the existing 
sSuOtof;. woSld toqulES little offioEt to initiate and, 

as a completely Independent enOEgy soueoq, would pEOduce a highly '®®^halve 
and lettlsonlna capability. Since the expected stEuetuEal changes 
Sr^bSlni tnTntS’loS pathn « otraotutol anoly.U 

neoessaEy. Baaed on these conaldeEatlons, the pyEOteehnlo system was seleUed 
£oe development. 


tiateElals seleotlon/System Qualification 


The flexible llneaE-shaped chaEge (fLSC) has been applied to several aer^ 
apace systems* Including the P-m (ref. 1) and the 

dS^kplt is severed from the fuselage. The PLSC matetlalp, »^ 9 ani^preclpltated 
hexanltrostiltone (HNS ll) In a silver sheath, were f 

t-hAv-inai and aos stability (ref. 2)j applications Include the P 14, P lo, ana 
AH-ie (Cobra) alroraft. The booster tip materials, HNS I in ® 

^pUed almoit universally to alroraft explosive J; 

l^yard-actuated detonator was qualified for the P-1 4, P-15, and the Space 
Shuttle Otblter. The capability of the PLSC to withstand severe environments 
U demonstrated by Its many applications, 

based on cunponent and system developnent, emphasising performance margins 
described In subsequent seetions. 


Initiation-System Development 

Tho inltlotloh oyotm fevelopoS in thU oEtort U. "ho™ Ih £1^' <• * 

40"> thUtlonal shtoKo o£ the handle aaaaably (>•’ ‘Id’ Jhl^a^tead 

A a«i n In.i KiulleY rotation and cable withdrawals. The cables thread 

tirLS iul” tobL to pJovide 900 redirected pulls on the lanyards o the 

detonator, since i 1.27-cm (0.5-ln.) stroke a 

detonator, a margin of at least 3 to 1 exists. Each cable Is fitted with 
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olevis f jrit to a^lai^fe to the detonatoi; and a ball which Is oa^tueed bj? a plate 
on the pulley. The cable lengths weee adjusted to pcevent simultaneous 
©ngagement/aotuatlon of the detonatots, which would tosult In twice the load. 

safety features were incoEporated in the system to pEovent inadveetent 
system actuation oh the ground and in flight. The handle and pulley assembly 
Lb ideuted to the pl£ito by a ball'-rdloaoe biiyortot oafdty jpln £oc 

ground safety. An alisninum shear pin. again securing the handle and pulley 
assembly to the mounting plater prevents inadvertent actuation without the 
safety pin for flight. Purthermorer the left-side oO>)er posts (fig. 4) act as 
motion stopsi the upper-post atop prevents forward motion of the handle# and 
the lower post provides a stop to assure that full actuation has occurred. A 
cover plate protects the entire pulley assembly and oable/tube ends. The 
entire assembly is mounted on the forward frame beside the pilot# just aft of 
the instrument console. The handle is positioned just above the lower . 
extremlt/ and 2.54 cm (1.0 in.) aft of the Instrument panel. 

The initiation-system breadboard revealed that the 3.175-mm (0.1 25-in.) 
diameter I pute-aluminum shear pin sheared at 137.9 H (31 Ibf). Furthermore# 
the static friction of either cable (preloaded to 89 N (20 Ibf)) required only 
93 b (21 Ibf) at tne handle. Actual friction loads will be much less in the 
system# since an 89-M (20-lbf) load will occur cnly at maximum stroke of the 
detonator# which occurs dynamically. 


Explosive severance and Containment oevelopnent 

The 68 explosive tests are briefly outlined in table 1 to establish the 
explosive severance and containment approaches and performance margins. The 
results of the explosive sizing and performance comparisons are shown in 
table 11. in determining the ability to sever double-skin thicknesses# the 
PLSC# composed of 2.125 g/m (10 grains/ft) RDX (cyciotrimethylenetrinitramlne) # 
could sever/break the 1.016- on 1.60-mm (0.040- on 0.063-in.) aluminum# which 
provides a performance margin of 58 percent. Furthermore# a 131-percent margin 
is achieved by using an HNS n FLSC of 3.188 g/m (15 grains/ft) Instead of 
the 2.125 g/m EbX# resulting in an overall performance margin approaching 
100 percent. 

In evaluating the performance of the booster tip/FLSC combination under 
manifblds# it was determined that the increased quantity of explcsive (due to 
the tips) easily ruptured a single skin thickness and# with minimal potting# 
could rupture two skin thlcknetses. An already initiated tear would progress 
through the relatively short lengths where FLSC penetration did not occur. 

The effectiveness of the external contaiitinent approach in the small-panel 
tests is shown in figures 5 and 6. The no- containment test (fig. 5) produced 
ragged edges (large deflections) on both the severed panel and the aircraft 
skin mock-up. The containment test (fig. 6) produced smooth# neat edges on 
boLh *-»ie panel and the aircraft skin. Although the containment- test panel 
weighed neuirly three times as much# no loss in jettison Velocity occurred com- 
pared with the no-contairtsent test. The external containment is a l»60-mm 
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(0,063-lnO thlok dol4-eoUa(J steel eoverplate (3.81 oift-(1.50 ln.> wide# as 
ceguited)^ #_Sepaeated fecun. the sKln by a 3.15'-nia (0.l35"ln.) aiumlnuniaplatd 
standoC£. Vhe bent-dowh pettldH oleses the oaylty and Sttdoths the sai^Caoe# 
ceduoing aetddynaAio deaf. The cavity betweeh the steel and the Shift was 
neoessacy. td assure adeq[uate de£ledtldn o£ a double^thlokness shin to allow, 
reliable sevoranoe/fraoture. h 1.60’^nsn (0.063'-ln.) cavity allowed only 
partial sovoranoe. The £lnal deal 9 ft d£ the external containmeftt Is shown 
In figure 7 on 4:he atroraft fuselage mock-up of the egress System. 

To reliably sever the Central stringer# two lengths of explosive were 
used. One length was laid along the skin# through a hole In the stringer 
(Inside the bend- 4 radlus of the channel}# and across the leg of the channel; 
the other length was laid around the stringer and matched Into common booster 
tips at each end. This arrangement introduced two problems; determining the 
reliability of severing the double-thlokness material (stringer and skin) with 
the larger standoff to avoid the stringer radius, and determining how to manage 
the structural damage and deformatlen caused by the doubled quantity of explo- 
sive. several teats with larger standoffs than required indicated sufficient 
energy existed to sever and tear the material with an adequate margin. The 
doubled quantity of e«q>lo8ive required doubling the structural attachment bolts 
(3.54-cm (1.0-ln.) centera) and using steel internal containment etructure on 
the severed panel. 

The internal containment structure to protect the pilot from explosive 
products is shown in figure 8. The cross-sectional -lines-lndlcate the loca- 
tions of subsequent structural views. 

The principles of the internal explosive containment are shown in figure 9 
(section A-A) . The skin is severed by the explosive, causing the structure to 
the right to be jettisoned downward with the panel. The explosive products are 
contained within the free volume formed by the stringer, the angle to the right, 
and the cover channel. A cover channel is used to prevent a- left rotation of 
the cover plate and stringer due to the explosive pressure. The two cover 
plates above the channel stiffen the channel and cover the gaps at the cover- 
ohannel interfaces. The reinforcement angle prevents shearing damage from the 
close proximity of the explosive. The closed-cell foam (9S-percent ait) pre- 
vents Contamination of the free volume, if this volume were filled with water 
(no foam), considerable deformation of the containment structure could occur, 
possibly osusing pilot injury. 

The same approach as described above is shown in figure 10 (section d-b), 
except a cover angle attached to the aircraft ribs is used to prevent rotation 
rather than a channel. The cover angle is curved to match the aircraft oOn- 
tour.^- The severed/jettisoned portion of the structure is below the stringer. 

Figure n (section C-C) and figure 8 show the complicated welded stainiess- 
steel containment structure used at the forward and aft sections of the central 
stringer. The struoture attaches to the frames above and below the stringer. 

In order to maintain an internal free volume to dissipate the explosive energy 
of the flexible linear-shaped charge around the stringer, the struoture had to 
project inboard into the cockpit. Also, this structure had to accommodate the 
post-aSsembly Installation of the detonators and initiation-cable guide tubes. 
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Art Apprortob similar to aootlOn B-i la ahowrt in ClfMce 12 (seotiort D-D)# 
eboept tbat tho aover antla la attached to the Craroe* Pucthecrooife» there la no 
need for a relnCoroemortt art^ler the explosive was not mounted a^lnst the framei 


Full-Scale, Flat-panel teats— 

The full-soale, flat-panel tests confirmed a number of system principles 
as well as detecting syatan problaft areas, the explosively severed edges of 
the skin and jettisoned panel were smooth and uniform, the dynamics of the 
severed panels were uniform and predictable, the panel was smoothly released 
and pitched horisontallyt the base of the panel swung upward in the direction 
of motion. However, the external containment structure and skin detached from — 
the panel in the areas beneath the doubled FLSG around the central stringer, 
allowing explosive gaseous products to enter the fuselage. 

the gases, created on detonation of the explosive, sharply load the entire 
area within the internal explosive containment, causing the skin to deflect 
between the bolt attachments to exhaust the gases, these gases are highly 
visible as flame and smoke, the flame is a secondary burning of the unreacted 
carbon on mixing with the axj. The flame duration in both tests was approxi- 
mately 21 msec, an unlikely Ignition source of even the moat reactive materials. 

The manifold attachments and the plexiglass window retention were inade- 
quate <Hi the first test and were corrected on the second test. The manifolds 
(attached Only through the Skin) pulled loose; attachments through the frame--, 
prevented detachment, the window broke up due to panel/frame oilcanning, 
tossing several pieces inboard. A 3.8- by 3.8-cm (1.5- by 1.5-in.) wire mesh 
was stretched across the window and attached to the internal contairmnent struc- 
ture to eliminate internal debris. 

the jettison capabilities demonstrated in the flat-panel tests (small and 
full scale) are si- aarized in table HI. Although the system weight increased, 
the amount -Of- ener.,y delivered per unit weight was consistent. 


Aircraft Mock-up Test 

Figures 13 and 14 show the neat, predictable, severed edges of the skin .. 
and the frame around the opening created by the internal containment, no 
internal debris was detected by the witness panel or high-speed camera cover- 
age (4000 ppS). The internal pressures measured were 34.5 kN/m^ (5 psi) and 
17.7 kN/ffl^ (2.5 pSi) with a duration of less than 1.0 msec. These pressure 
levels compare favorably with measurements made on the British aircraft Jet 
provost Mk.5, which ^ploys an explosive cord-actuated overhead-oano^ sever- 
ance System. Measurements at the chest level of dummies indicated pressures 
of 50.3 to 117 kN/m^ (7.3 to 17 psi). However, pressure levels at the dummy 
ears (inside the helmet) were approximately 26.2 kN/m^ (3.8 psi). 

the flame duration and jettison velocity were considerably improved by 
the room temperature-vulcanizing (RtV) conpound application on the external 
containment, the actual duration of the fl^e was less than 5 msec, the 


of the tnoraiLd^2i"pe?oe;t 

burning. Purthefraore, aevored 

“^,r«T.hS«or. r.,‘rs&iv.!..uy .« n., ./..o 

(45 ft/0ee>. 

The aoveeed panel was iSsh^pt evented any wtnaoi‘'fragmont8 from 

»nrj?ir aid fhJ SrwrrurSiyVtached in all areas. 

CONCLUSIONS 

A ijytotechnlc-actuated, ®j3®j®n°naea?ch^ 

SJS'iuSw'thelJliJ to'iln'oSt from the left side of the airplane. 

1?h6 egress system is simple and 80^1^01 ret aft fuselage 

plane af tL^Se^ to create an opening of approx- 

mook-up ‘^®®°‘'®^'®’^®'^,^n®w®^50 <„ \ including the window# in the cabin side, 
imately 76 by 76 c® (“J 1 04.6 lb). The opening was created by 

T?he total system weight JnJat-shaped oharge) which severed and 

small-quantity i^ition of the fusolage skin and structure at a 

jettisoned a 6.62-kg f explosive products are contained, 

wlocity of 13.7 m/seC (45 f t/sec) . Th p Pilot, furthermore# the 

presenting no debris or a miniLl interference potential 

opening created is neat and smooth# presenting 

to the pilot on egress. 

system reliability has been ®y^^^e^hnic°c^^ 

applications and by ^“"°^^®"®^,J®?^!*JaiccJaff systems such as the P-m and 
mance principles have ^en ^aj^Jaters have been tested for this appli- 

B-1 escape modules. All functional matains (a greater capability 

eatlon to dawnstcaU ®?““"‘^*i,^'*“^unctlon)! Thi .ystan will teqolte no 

roylaoenont oyoto on th. aotonator. 

tM. .9t.» .yotn. fotnolo,, U applloabl. to any altetatt ot aUll.t 
construction. 


RGSEREINCBS 


1. J;*{ J-IU CCQW MddUlQt Major ChiUehgo fot Sherttally 

SSSiJiS pallet presented at the dympoelum on 

Mflirwifliiv ® f*Pj®®^ves at the Naval Ordnance Laboratory (Hhlto Oak, 
Marylawy,. June 23-iS, WO. {Avaliablo-as MDC 70-019.) 

MlSlSSf® Temperature-Reelatant Ekploaives to 

SwaoSSj^rthTML??®? Sympoaiuft. on Thermally stable 

jSe foTO^ ” ^ Ordnance Laboratory (White Oak, Maryland) , 



TA&L& X.- EiXPLOaiVE DBVELOFMBNl! ITBStd 


Bxploslvd alxlnd/set)*dc£tnoQ teste ...... , , , . , 23 

Manifold doveldpnent 5 

Containment . . . . _ . . 29 

Small-scale mook-ups 8 

Full-scale mock-upi: 

Plat . . 

Alcoraft 1 

Total test specimens 68 


TABLE tl.- EXPLOSIVE SEVERANCE TESTS AND COMPARISON 


(a) Explosive severance tests 



Material severed, mm (in.) 

Explosive (gralns/ft) 

1.016 on 1.016 

1.016 on 1.60 

1 .60 on 1 .60 


(0..040 on 0.040) 

(0.040 on 0.061) 

(0.063 on 0.063) 

1.438 (7) RDX 

Ves 

No 


2.125 (10) RDX 

Ves 

I ...I I I 

yes 

No 


(b) Explosive severance .comparison (2024-T4 tapered plates) 

2.125 g/m (10 gralns/ft) RDX will cut 1.53 mm (0.0602 in.) ^ 131-percent 
3.186 9 /m (15 grains/ft) ENS II will out 2.00 mm (0.0788 in.)f Increase 



TABLE_m.- PAtlBL JETFISOt) OOMPARISOHS 


type test 

Weight of 
severed panels 
kg (lb) 

Velocity of 
Severed panel, 
m/sec (ft/sec) 

Energy per unit weight 
of severed panel 
j/kg (ft-lbf/lb) 

Small-scale 

(no containment) 

0.S4 (0.16) 

9.a-a2).— 

48.2 (15.9) . 

Small-scale 

(itith containment) 

1.00 (2.2) 

10.4 (34) 

53.2 (17.9) 

Flest mock-up 
(flat panel) 

3Ufl-(7.5) 

10.7 (35) 

58.8 (19.0) 

Second mock-up 
(flat panel) 

5.94 (i3.1) 

10.7 (35) 

57.2 (18.9) 

Puselase mocK-up 

6.62 (14.6) 

13.7 (45) 

94.0 (31.4) 


186 
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Figure 2.- cross section o£ lanyard-actuated detonator. 
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aeetlon o£ Internal containment. 














